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Abstract 
New concept of nuclear rare metals was proposed. Hydrometallurgical separations of such nuclear rare metals  have been 
progressed in the frame of strategic Advanced (Adv.-) ORIENT Cycle research in Japan. A hybrid separation system by ion 
exchange chromatography (IXC) and catalytic electro lytic ext raction (CEE) will meet well with the concept of Green  
Chemistry, thereby being proposed as a vital separation tool for light PGM (Ru, Rh, Pd), Tc and f-elements. Adv.-ORIENT 
Cycle process can not only improve the rad. waste problem, but also offer useful rare metals to the leading industries as for 
the second resource. 
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1. Introduction 
    Typical yields for Pd, Ru, Rh (light PGM) and Tc will reach to around 11kg, 13kg, 4kg and 3kg, respectively per 
metric ton of the reference fast breeder reactor (FBR) spent fuel (150 GWd/t, cooled 5 years). Since such yields are 
proportional to the burn-ups, those in common light water reactor (LWR) will be approximately one third of FBR. It is 
notable that, Mo and some heavy Lns (Dy, Er and Yb) are already non-radioactive and non-exothermic at the reprocessing 
after 5 years cooling. Specifically, Nd and La are no longer radioactive beyond the natural ones. Furthermore, after cooled 
50 years by stockpile, specific radioactivity of Ru, In, some of Ln like Pr, Gd  and Tb will become less than 0.1Bq/g. 
According to their isotopic characterization as shown in Figure 1 [1], rad iochemical p roperties on some noticeable nuclear 
rare metals (NRM) are summarized as follows: 
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 After 40 years stockpile of FP Ru, its radioactiv ity will decrease to be below th e exemption level (BSS) of 106Ru.  
Isotopic abundance will become equal to stable Ru (99Ru, 100Ru, 101Ru, 102Ru, 104Ru) and 106Pd only. (BSS = 
International Basic Safety Standards for Protection against Ionizing Radiation and for the Safety of Radiation Sou rces, 
Safety Series No.115, IAEA, Vienna (1996)). 
 After 80 years stockpile of FP Rh, its radioactiv ity will decrease to below the exempt ion level (NRPB) of 102Rh. 
Isotopic abundance will become to only stable 103Rh and 102Ru. (NRPB = National Radiological Protection Board-R306 
(1999)).  
 107Pd only is radioactive (long-lived) in isotopic abundance of FP Pd. Its ratio is about 16 wt %, and 107Ag will be 
gradually generated. The radio toxicity of FP Pd is very low, just ca. 30 times as high as 107Pd’s BSS level (105 Bq/g).  
 99Tc is an only major rad ioactive (long-lived) nuclide in  isotopic abundance of FP Tc. Stable 99Ru will be gradually 
generated. 
 
Fig.1.Time dependence of isotopic abundance of fission products, PM G and Tc, after the separation(FBR, 150,000MWd/t, cooled 5 years) 
    By a close investigation, possible⒋exit strategy⒋can be drawn for individual NRM toward utilization. Namely, (i) 
Material/Chemical use; Ru, Rh, Pd, Mo, Ln  (La, Nd, Dy, etc) and Tc.  Especially, isotopic abundance of stable FP Mo w ill 
be composed of mainly higher order nuclides like 97Mo (22.1wt%) and 98Mo (26.8wt%). Such abundances might be 
advantageous for the production of 99Mo and 99mTc. (ii) Radiochemical use; 137Cs (e.g., radiation source alternating to 60Co), 
90Sr, 238Pu, 241Am and 242,244Cm, (iii) Additional nuclear fuel; 237Np, 241Am and Cm (as 238,240Pu, by α decay of 242,244Cm), 
(iv) Commerce of stable isotope in the market; 99Ru, 102Ru, 103Rh, 106Pd and 107Ag. Those stable nuclides will be obtained 
after the stockpile of FP Ru, Rh, Pd and Tc. 100Ru can be obtained as a transmutation product of 99Tc.  
    Precedent to the utilization, radiochemical separation of NRM and actinides from the spent fuel is necessary, and such 
separation technologies must be integrated and well compatible each other as fuel cycle technology.  
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2. A Multi-Functional Reprocessing, an Integrated Hydrometallurgical Separation System 
    Aiming at simultaneous utilization of elements/nuclides and ultimate minimizat ion of radioactive wastes, a new fuel 
cycle concept, Adv.-ORIENT (Advanced Optimizat ion by Recycling Instructive Elements) Cycle is proposed [2] as shown 
in Figure 2, provided the following strategiesؠ  
    1/ Higher purity on NRM for utilization, while lower decontamination on actinides allowed for burning in FBR. 
Separation factor of 90-99.9% will be chosen along the individual impact of radionuclides. 
    2/ Adopt soft hydrometallurgical separation process with salt-free reagents to reduce the secondary rad. wastes. 
Ultimately, low greenhouse gas emission technology [3] must be oriented. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2.Adv.- ORIENT Cycle concept 
3/ Deep separation of all actinides into 3-4 groups, U, Pu/U/Np, Am and Cm, d irectly from the spent fuel by ion exchange 
chromatography (IXC) method.  
4/ Electrolytic extraction (EE) and adsorptive separation methods , i.e., Non-solvent extraction (SX) method, for NRM are 
chosen to relieve the radiation effect. Solid state will be preferable as end product toward the utilization and/or stockpile.  
5/ Hydrochloric acid (HCl) media is allowed in combination with nitric acid (HNO3) media to sharpen the separability. 
6/ Identification of anti-corrosive materials in both conc. HCl and HNO3 are indispensable in industrialization point of v iew. 
Verification of thermo- and radio-chemical stability of novel IX resin is also required.   
    The most important policy change is that NRM shall not be the waste constituents but be the main product in the fuel 
cycle. Actinides will be no longer the products, but be just the material circulated in the cycle.  
    A period to reduce the radio-toxicity Sv (Sievert) of 1 ton of vitrified HLLW below the level of equivalent tons of 
natural raw uranium is one of the indexes for environmental impact. In the Adv.-ORIENT Cycle, by putting the separation 
factors of 99.9% for all actinides, 99% for 137Cs, 90Sr and the other NRM, and 90% for Ln, such a period can dramat ically be 
reduced to around 100 years.  
3. A Hybrid Separation System for NRM Recovery  
    Catalytic electrolytic extract ion (CEE) [4] can effect ively separate Ru, Tc and Re (Tc simulator) from either HNO3 or 
HCl solution by utilizing under potential deposition (UPD) with fo rming of indissoluble metal/oxide solid solution in ac id ic 
media. Pd and Rh themselves were easy to be deposited from the both media. In dilute HCl media in particu lar, such CEE 
occurred more d istinctively than in d ilute HNO3 media. For instance, from the four NRM metal ions mixture solution 
(corresponded to FBR spent fuel composition), observed deposition yields were typically in the following order;  
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Pd, Rh (>99%) > Re (91%)> Ru (85%) > Tc (69%), 
    where the CEE condition was galvanostatically carried out with especially changing cathode current density like 
2.5mA/cm2 (1hr) →75mA/cm2 (2hr) →100mA/cm2 (4hr) in 0.5M (mol dm-3) HCl, 50C. At the init ial stage, setting lower 
cathode current density with compulsory stirring was necessary to form Pd cores an d adatom layer. The adatom, a 
contraction of “adsorbed (single) atom”, lying on surfaces and surface roughness, will act as a deposition catalyst. Namely, 
Pd or Rh might act as promoter at the surface of electrode (i.e., Pdadatom, Rhadatom) and mediator in the bulk solution (i.e., 
redox ion pair). This procedure was essential to obtain higher amounts of co -deposits of Ru and Tc (Re) ions.  
    The CEE method is h ighly advantageous for radiochemical separation of NRM, due to not only less suffering 
irradiation effect with  no co-deposition of actinides, but also recovering them in the solid state at the electrode surface. The 
sphere deposits were dense and mechanically stabler than dendritic ones, with showing electrochemically high catalytic 
reactivity on electrolytic hydrogen production [5]. Part icularly, the catalytic react ivity of quaternary, Pd-Ru-Rh-Re 
(3.5:4:1:1, corresponding composition of FBR spent fuel) deposit Pt electrode for electro lytic production of H2 was the 
highest, exceeding about twice that of smooth Pt electrode both in alkaline solution and artificial seawater. It was also newly 
confirmed that the deposits from simulated LWR-HLLW  showed nearly the same highest catalytic reactivity as the previous 
ones. Such higher reactiv ity will attribute to the higher numbers of adsorption sites for proton on the deposit surface. Ru has 
been confirmed as a dominant element responsible for high reactivity, while Pd played as just a “starter” nucleus and a 
“binder” among the involved elements during the deposition. NRM deposit electrodes also suggest their lower 
over-potential for oxidation / O2 production. It is noticeable that Tc seems to have higher or the same catalytic ability than 
Re. High reactivity of Tc will indicate the possibility to alternate to Re in the field of hydrogenation catalyst.  
    In the proposed hybrid TPR (Tertiary Pyridine Resin) -IXC (Ion Exchange Chromatography) and CEE process, 
selective adsorption of actinides is designed by rather high (preferab ly H+>5M) HNO3 condition at  the IXC stage. Resulted 
actinides-free, PGM/Tc contained HLLW will be diluted to less than 0.5M in the intermediate vessel for the succeeding 
electrochemical process. More than 2 electro lysis cells (flow-through type) in parallel are necessary for the continuous 
cathodic deposition and anodic re-dissolution of NRM. Extraordinary SC/SA ratio is preferable to avoid reverse reactions in 
the cell. Recovered NRM will be stored in ionic states or as re-deposits on, for example,SS or  as ingot. Applicability of 
novel solidification processes such as microwave method is under development.  
4. Conclusion 
    Radiochemical properties of nuclear rare metals were described. Strategic nuclear fuel cycle concept of Adv.- ORIENT 
Cycle was proposed. The CEE process can effectively separate PGM, Tc and Re by utilizing UPD phenomena, and 
TPR-IXC process can deeply separate f-elements until pure Am and Cm products. Adv.-ORIENT Cycle process can not 
only improve the rad. waste problem, but also offer useful rare metals to the lead ing industries as for the second resource in 
future.  
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